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ABSTRACT 

An analysis of glazing selection’s impact on 

daylighting performance for a small area of a west-

facing office building in Singapore was performed.  

Nine configurations consisting of four different 

glazings were selected: 1) clear glazing; 2) a-Si 

photovoltaic glazing; 3) electrochromatic glazing; 

and 4) glazing integrated with blinds.  Daylight 

modelling was performed in EnergyPlus to simulate 

the daylight levels at different areas of the office 

area.  The results of this simulation are presented in 

this paper.  The two parameters discussed are 

daylight illuminance (lux) and daylight autonomy 

(%).  The discussion will also focus on utilizing 

initial simulation results to determine the ideal 

glazing selection for optimum daylighting. 

INTRODUCTION 

The Zero-Energy Building (ZEB) in Singapore is a 

retrofitted building aimed at demonstrating the 

applications of various green building features, 

ranging from green facade technologies, solar 

cooling and building-integrated photovoltaics.  Parts 

of the building were also adopted for test-bedding 

purposes under real-life tropical conditions. 

With the growing interest in adoption of renewable 

technologies within cities, photovoltaic elements are 

being paid more attention to, with their high potential 

of replacing traditional elements of building 

components.  One such technology is the 

photovoltaic glazing that not only replaces traditional 

forms of window glazing as thermal insulation and 

allowing daylight penetration, but also generates 

electricity at the same time. 

In view of this, a west-facing area on the ground 

floor of the ZEB was used to house testing chambers 

for measuring daylighting data that will provide new 

insights into visual comfort and the performance of 

glazing under the specific climate conditions of 

tropical Singapore. 

Four different glazing types, representing three 

commonly used glazings and a photovoltaic glazing, 

were selected for this study.  This study comprised of 

a simulation of the testing chambers in EnergyPlus.  

An internal perspective of the ZEB test chambers is 

given in Figure 1.  This study aims to increase 

knowledge in the impacts of glazing selection on 

daylighting performance in tropical Singapore and 

the feasibility of photovoltaic glazing’s daylighting 

performance within the same context. 

 

Figure 1 Internal perspective of ZEB test chambers 
 

SIMULATION 

Simulation Tool 

Developed at the U.S. Department of Energy, 

EnergyPlus (2010) can be used to simulate whole-

building energy performance and includes many 

features such as sub-hourly user-defined solution 

time-steps, text-based weather-input files, 

simultaneous solution of internal and external heat 

balance and loads, transient heat conduction through 

building elements, thermal comfort models, advanced 

fenestration features, daylighting controls, 

atmospheric pollution calculations for on-site and 

remote energy conversion and photovoltaic 

modelling.  The simulation results of EnergyPlus 

have also been validated through analytical, 

comparative and empirical test (Witte et al., 2001; 

Olsen and Chen, 2003). 

The daylighting and window glass module was 

utilised in this study to determine daylighting 

calculations within the office area.  Singapore’s 

typical meteorological year weather file from the 

EnergyPlus website was used to perform the annual 

daylighting simulations. 

Preliminary Simulation 

A preliminary study was performed to identify the 

window simulation capabilities of EnergyPlus and 
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select the desired model within the program for the 

main simulation task.  In EnergyPlus, there are two 

main methods of describing fenestration glazings: (1) 

WindowMaterial:Glazing and (2) 

WindowMaterial:SimpleGlazingSystem.  The 

WindowMaterial:Glazing object describes the 

thermal and optical properties of one window layer 

and subsequent activation of the Construction object 

will allow the user to “build” and specify the specific 

layers of the window construction.  For the 

WindowMaterial:SimpleGlazingSystem, it differs 

from the other model in that it describes an entire 

glazing system rather than individual layers.  This 

object adopts a model that turns simple performance 

indices into a fuller model of the glazing system.  

More information on the models and their required 

input fields can be obtained from existing 

EnergyPlus literature (EnergyPlus, 2009). 

A comparative study was conducted to evaluate the 

difference in simulation results using the glazing 

(layer-by-layer) and simple glazing method.  The aim 

was to determine the differences in simulation results 

of the two methods, in terms of daylighting.  The 

results will form the basis of the subsequent main test 

chamber simulation.  The steps for the comparative 

simulation for the different window models were: 

1. Construction of triple-glazed window using 

normal glazing (layer-by-layer) method.  

Thickness of clear glass and air gap are 3 

mm and 13 mm respectively.  All the 

properties were taken from the default 

EnergPlus database. 

2. Simulation was performed to determine the 

U-value and SHGC (G-value) of the triple-

glazed  window.  The illuminance map of 

the floor plan was simulated. 

3. The U-value and SHGC (G-Value) of the 

first simulation were extracted as a by-result 

of the first simulation and another 

simulation was performed using the simple 

glazing method with these performance 

indices. 

4. The illuminance results were recorded and 

post-processed for comparative purposes. 

A day was randomly chosen to provide a comparison 

of the illuminance values at different times.  The 

illuminance map was constructed to provide 2 rows 

of 4 reference points each, equally spread across the 

depth of the modelled room.  As the windows were 

west-facing, 2 pm (high incidence angle) and 6 pm 

(low incidence angle) were selected for the 

comparison.  In order to compare the difference, the 

average percentage errors between the two methods 

were calculated from the simulation results and 

averaged, as shown in Table 1. 

From the daylight illuminance, it can be ovserved 

that the WindowMaterial:SimpleGlazingSystem 

model differs from the more accurate 

WindowMaterial:Glazing model by approximately 

10 – 20%.  The former also tends to underestimate 

the illuminance values as all of the results were 

below the latter.  The authors decided to adopt the 

WindowMaterial:SimpleGlazingSystem for the main 

simulation task due to its simplicity. 
 

Table 1 

Average percentage error for daylight illuminance 

  Y – Axis (Depth in m) 

  1.26 2.06 2.86 3.66 

High 

Illuminance 

Angle 

Percentage 

Error 
17 22 22 17 

Avg. 19.5 

Low 

Illuminance 

Angle 

Percentage 

Error 
8 12 11 15 

Avg. 11.5 

 

Main Simulation Task 

The simulation task was to predict the daylighting 

performance of the four different glazing 

configurations in the testing chambers.  The two 

parameters used for daylighting performance were 

illuminance (lux) and daylight autonomy (%).  The 

four glazing types analysed for their annual 

performance were: 

1. Double-pane clear glazing; 

2. Amorphous-silicon (a-Si) photovoltaic 

glazing; 

3. Electrochromatic glazing, (tinted and 

untinted); and, 

4. Glazing integrated with blinds, (open and 

closed) 

Their individual daylighting performance parameters, 

daylight illuminance (lux) and daylight autonomy 

(%) are evaluated in Singapore’s weather context.  

Illuminance is the total luminous flux incident on a 

surface and is often used to ensure that there is 

sufficient light for different specific tasks.  Daylight 

autonomy is derived as the fraction of occupancy 

time that illuminance measured meets the specified 

requirement.  This parameter can assist in future 

study on possible daylight control strategies to reduce 

the need for artificial lighting. 

Simulation Model Description 

The simulation model measured 4 m (L) x 3 m (B) x 

2.85 m (H), with a floor area of 12m
2
 which 

represents the dimensions similar to ZEB’s test 

chambers.  The west-facing facade consisted of 3 

rectangular horizontal windows of 2 m
2
 placed on top 

of each other.  As only daylighting was to be 

investigated, the construction type of the building 

surfaces such as roof, floor and exterior walls were 

default construction built by the program.  However, 

the internal reflectance values of the testing chambers 

were changed in accordance to ZEB’s values and 
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shown in Table 2.  A screenshot of the constructed 

model in Google SketchUp is shown in Figure 2. 
 

 

Figure 2 Screen shot of simulation model 
 

Table 2 

Internal surface reflectance values 

INTERNAL SURFACE REFLECTANCE (%) 

Ceiling 80 

Wall 60 

Floor 35 

 

All glazing types considered in this study are 

configured as double-glazing and held by frames.  

The total glazing thickness is identical for all four 

types.  The specifications of the glazing types are 

shown in Table 3.  The 

WindowMaterial:SimpleGlazingSystem object within 

EnergyPlus is used to describe the performance of 

the windows. 
 

Table 3 

Specifications of different window glazings 

GLAZING 

TYPE 

VISIBLE LIGHT 

TRANSMISSION 
SHGC 

U-

VALUE 

Clear Glazing 70 0.40 1.6 

A-Si PV 

Glazing 
10 0.10 1.2 

E-Chromic 

(clear) 
62 0.48 0.28 

E-Chromic 

(tinted) 
4 0.09 0.28 

Blinds  

(down,open) 
68 0.65 1.4 

Blinds, 

(down,closed) 
5 0.20 1.4 

 

ZEB’s external facades consist of shadings such as 

trees and overhangs which could affect the test 

chamber’s daylighting performance.  Thus, shadings 

were added in the model.  Two types of shading in 

EnergyPlus were used to separately model the trees 

and attached overhangs.  A Shading:Zone:Detailed 

object used to describe subsurfaces such as 

overhangs, wings or fins that project outward from a 

base was created.  A horizontal rectangular overhang 

with 50% transmittance was attached above the 

highest window on the facade.  For the external trees 

shading, the Shading:Site:Detailed object was used.  

This object is used to describe shading elements that 

are external to the building such as trees, high fences, 

near-by hills and neighbouring buildings.  Two 

triangular shadings of 50% transmittance each were 

placed at right angles to each other to form an 

inverted pyramid and placed 15 m away from the 

facade.  A screenshot of the shading elements relative 

to the model was taken and is shown in Figure 3. 

 

 

Figure 3 Model with added shadings 
 

In order to ensure that the nearby trees were 

modelled as closely as possible, a fish-eye view of 

the external shadings was taken from the actual test 

chamber and compared with the simulation model’s 

external facade view.  They are shown in Figure 4 

and 5 respectively. 
 

 

Figure 4 Fish-eye view of external shadings 
 

 

Figure 5 External façade view from simulation model 
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In total, nine configurations were modelled for this 

study.  The window glazing types were changed after 

each simulation run and extraction of results.  The 9 

different window configurations are shown in Table 

4.  As mentioned earlier, all the simulations were ran 

with EnergyPlus 

WindowMaterial:SimpleGlazingSystem as the actual 

measured values only consisted of visible light 

transmission, visible light reflectance, SHGC value 

and U-value. 

Eight reference points were used and placed in the 

simulation model using Daylighting:Controls and 

Output:IlluminanceMap class as shown in Figure 6.  

These positions were also the exact illuminance 

sensor locations in the ZEB test chambers.  From the 

simulation, the daylighting output values were 

subsequently derived from these positions. 
 

Table 4 

Simulation window configurations 

 WINDOW PANE 

Config. Top Middle Bottom 

1 Clear Glazing Clear Glazing Clear Glazing 

2 a-Si PV a-Si PV a-Si PV 

3 
E-chromic 

(clear) 

E-chromic 

(clear) 

E-chromic 

(clear) 

4 
E-chromic 

(tinted) 

E-chromic 

(clear) 

E-chromic 

(clear) 

5 
E-chromic 

(tinted) 

E-chromic 

(tinted) 

E-chromic 

(clear) 

6 
Blinds 

(down/open) 
Clear Glazing Clear Glazing 

7 
Blinds 

(down/open) 

Blinds 

(down/open) 
Clear Glazing 

8 
Blinds 

(down/close) 
Clear Glazing Clear Glazing 

9 
Blinds 

(down/close) 

Blinds 

(down/close) 
Clear Glazing 

 

 

 

Figure 6 Positions of reference points 
 

The simulation was modelled to provide two main 

outputs which are the daylight illuminance and time 

exceeding daylight illuminance setpoint.  The daily 

duration of both results was scheduled from 0800 to 

2000 where there were values of horizontal 

illuminance.  The daylight illuminance setpoint was 

set at 300 lux and hence, EnergyPlus report the time 

exceeding daylight illuminance setpoint values in 

term of hours.  Both outputs were generated for each 

of the eight reference points and for the nine different 

window configurations. 

SIMULATION RESULTS AND 

DISCUSSION 

This section shows the simulation results of the ZEB 

test chamber which were post-processed into two 

performance metrics: horizontal illuminance and 

daylight autonomy. 

Generic Post-Processing 

An example of the raw simulation results of 

horizontal illuminance from EnergyPlus is presented 

in Table 5, which shows the hourly-averaged 

horizontal illuminance for the different sensors 

during day time. 

As for the time exceeding daylight illuminance 

setpoint, the daytime hourly values produced by 

EnergyPlus are in units of hours.  Since it is an 

accumulated value for an annual simulation, these 

values were divided by 365 and multiplied by 100 to 

determine the percentage for an average day.  The 

values after the explained post-processing for one of 

the nine simulations are shown in Table 6. 

After obtaining these 2 tables for each of the nine 

window configurations, a simplified table consisting 

of both horizontal illuminance and daylight 

autonomy was consolidated.  The final table, as 

shown in Table 7, consists of the two main 

performance metrics shown according to the rows of 

sensors.  Sensors 8 and 4 represent row 1, sensors 7 

and 3 represent row 2, sensors 6 and 3 represent row 

3 while sensors 5 and 1 represent row 4.  Also, 

instead of hourly values, the table shows the daytime 

average horizontal illuminance and daylight 

autonomy for different depths of the room, 

represented by the four rows. 

Horizontal Illuminance 

A similar pattern for horizontal illuminance for all 

nine configurations was obtained, as expected.  Row 

1, being the outermost row, had a very high amount 

of horizontal illuminance and it started to decrease 

towards the inner rows of sensors.  This was usual as 

daylight penetration in building interiors were 

usually the highest near the facades and lowest at the 

deepest areas. 

 

 

Window 

Façade  
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Table 5 

EnergyPlus horizontal illuminance (lux) (raw data) 

Sensor 

6:00 

– 

7:00 

7:00 

– 

8:00 

8:00 

– 

9:00 

9:00 

– 

10:00 

10:00 

– 

11:00 

11:00 

– 

12:00 

12:00 

– 

13:00 

13:00 

– 

14:00 

14:00 

– 

15:00 

15:00 

– 

16:00 

16:00 

– 

17:00 

17:00 

– 

18:00 

18:00 

– 

19:00 

19:00 

– 

20:00 

8 16 490 1641 2541 3433 4200 5202 7256 13775 17068 12797 6515 1109 21 

4 16 489 1638 2542 3438 4210 5222 7280 13788 17055 12778 6496 1105 21 

7 9 284 974 1509 1986 2330 2737 3767 5499 10214 9628 5023 763 14 

3 9 284 973 1510 1992 2341 2756 3791 5514 10346 9882 5047 758 14 

6 5 170 600 939 1221 1407 1605 2160 3199 3946 4972 3382 516 9 

2 6 170 600 940 1226 1414 1616 2174 3208 3935 4924 3345 509 9 

5 4 113 411 652 848 977 1104 1455 2136 2641 4263 2956 388 6 

1 4 114 411 653 850 980 1110 1463 2142 2635 3823 2657 380 6 

Table 6 

Post-processing for daylight autonomy (%) 
 

Sensor 

6:00 

– 

7:00 

7:00 

– 

8:00 

8:00 

– 

9:00 

9:00 

– 

10:00 

10:00 

– 

11:00 

11:00 

– 

12:00 

12:00 

– 

13:00 

13:00 

– 

14:00 

14:00 

– 

15:00 

15:00 

– 

16:00 

16:00 

– 

17:00 

17:00 

– 

18:00 

18:00 

– 

19:00 

19:00 

– 

20:00 

8 62 64 100 100 100 100 100 100 100 100 100 100 79 62 

4 62 64 100 100 100 100 100 100 100 100 100 100 79 61 

7 19 44 100 100 100 100 100 100 100 100 100 100 69 19 

3 20 45 100 100 100 100 100 100 100 100 100 100 69 20 

6 4 21 98 100 100 100 100 100 100 100 100 99 50 4 

2 5 22 98 100 100 100 100 100 100 100 100 99 50 5 

5 1 4 84 100 100 100 100 100 100 100 100 97 34 1 

1 1 4 82 100 100 100 100 100 100 100 100 97 35 1 

 

The difference in horizontal illuminance for most of 

the window configurations were the largest between 

rows 1 and 2, and starts to decline at a slower rate as 

the distance from the facade increases.  The results 

and overall ranking for the nine configurations in 

terms of horizontal illuminance can be seen in Figure 

7. 
 

Table 7 

Consolidated table for horizontal illuminance and 

daylight autonomy 
 

 ROW 

1 

ROW 

2 

ROW 

3 

ROW 

4 

Horizontal 

Illuminance (lux) 
5434 3213 1722 1257 

Daylight 

Autonomy (%) 
90 82 77 73 

 

Daylight Autonomy 

As for the daylight autonomy, the nine different 

configurations gave slightly different patterns 

although they were all in a general decreasing 

manner.  While some of the configurations (1, 3, 4, 6, 

7 and 8) were similar in their slight decrease in 

daylight autonomy towards the interior of the zone, 

configurations 2, 5 and 9 exhibit a more significant 

decrease.  The results and overall ranking for the nine 

configuration’s daylight autonomy can be seen in 

Figure 8. 

From the results, both the horizontal illuminance and 

daylight autonomy generated by EnergyPlus  for the 

nine window configurations indicate that daylight 

itself is insufficient for a normal office requirement 

of 300 lux, with the considered hours from 7 am to 8 

pm.  Although most of the average horizontal 

illumnance were above 300 lux, the daylight 

autonomy percentage values indicate that artificial 

lighting might be required, especially for areas 

further away from the window (rows 3 and 4).  If 

normal working hours (9 am to 6 pm) were 

considered, it could be deduced that sunlight can be 

sufficient.  However, due to the extremely high 

horizontal illuminance values for most of the 

occasions, there could be problems of excessive glare 

which might render visual discomfort to occupants 

who are facing the windows. 
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Figure 7 Horizontal illuminance (simulation)

 

 

Figure 8 Daylight autonomy (simulation) 

The overall results reflect the good usability of 

various types of glazing for west-facing window 

facades in order to allow sufficient daylighting 

without excessive reliance on artificial lights, but the 

actual implementation has to take note of glare due to 

some of the high values of horizontal illuminance.  

Another point to note is the solar heat through the 

window that accompanies the high values of 

horizontal illuminance.  This might result in the 

office zone having high values of operating 

temperatures and resulting in excessive cooling load 

to condition the zone. 

 

SUMMARY AND CONCLUSION 

A simulation of Singapore’s Building and 

Construction Authority’s Zero-Energy Building test 

chamber was performed using the window and 

daylighting capabilities of EnergyPlus.  The aim was 

to predict, using Singapore’s weather data, the 

daylighting performance of nine window 

configurations that included: clear glass, a-Si 

photovoltaic glazing, electrochromatic glazing and 

glazing integrated with blinds.  The EnergyPlus 

generated annual simulation results were also slightly 

processed to obtain the desired daylighting 

performance metrics (horizontal illuminance and 

daylight autonomy).  The simulation results indicate 

that for the range of window configurations, average 
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horizontal illuminance levels appear to be sufficient 

but the daylight autonomy indicates that some form 

of artificial lighting is still required to ensure that the 

required lighting level is maintained throughout.  In 

some cases, high values of horizontal illuminance 

might cause glare and excessive solar heat gain to its 

intended occupants that might not only affect thermal 

and optical comfort, and also reduce the zone’s 

overall energy efficiency.  However, it has to be 

noted that this study only included a west-facing 

façade which should not be generalised to draw 

conclusive deductions. 
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